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Gonad development: Assembling the mammalian testis
Anne McLaren
Mammalian primordial germ cells migrate into gonads
of either sex indiscriminately and may be functional
even across a species barrier; but certain somatic cell
lineages are attracted specifically into the male gonad
and are absolutely required for the construction of the
seminiferous cords of the testis.
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In the mammalian embryo, most organs are formed
locally. The heart forms, origami-like, by the complex
folding of a simple tube. Even where adjacent tissue
layers collaborate, as with ectoderm and mesoderm in the
development of the kidney, it is more a matter of folding
and invagination than immigration of individual cells. Not
so in the development of the gonad. To be functional, a
gonad needs both germ cells, which will ultimately gener-
ate the gametes, and somatic cells, which will provide a
matrix that supports the gametes. It has long been known
that germ cells in all vertebrates have to migrate into the
developing gonad from elsewhere. Recent studies in mice
have thrown light on when and where the germ cell
lineage originates, and how the cells travel, but many
uncertainties remain.
In many invertebrates, such as Drosophila and nematode
worms, and some lower vertebrates, such as frogs, the
germ cell lineage is set aside very early in embryonic
development, in a very small number of founder cells.
Such a ‘germ cell lineage’ is formed initially by the
unequal segregation of cytoplasmic components — pole
plasm in Drosophila, P granules in nematodes, and germ
plasm in frogs — that are thought to be germ cell determi-
nants. But in mice, and by extrapolation in all mammals,
no such determinants have been identified, and germ cell
determination does not take place until midway through
the period of gastrulation.
Although cells in the proximal part of the embryonic ecto-
derm may already have taken the first steps towards a
commitment to become germ cells before gastrulation
(Y. Matsui and T. Yoshimizu, personal communication),
reciprocal transplantation experiments between proximal
and distal ectoderm have established that it is the cells’
location that is important for this determination, rather
than any cytoplasmic segregation [1]. In addition, clonal
analysis after labelling of single cells shows that germ cell
lineage restriction does not take place until the cells from
the proximal ectoderm have moved through the primitive
streak and into the extraembryonic region [2].
The 50 or so germ cells in the initial pool remain for
about a day in their peripheral position, before being
swept back into the embryo along with the invaginating
hindgut. As they travel, the germ cells proliferate, with a
steady doubling time of about 16 hours. During the latter
part of their journey, when they are migrating actively
towards the site of the future gonads, many of the migrat-
ing cells are linked into a network by thin cytoplasmic
processes [3], and their route appears to follow a pathway
of the extracellular matrix protein laminin [4]. Whether or
not the germ cells are influenced by any chemoattractive
signal is still uncertain.
The first germ cells to reach their destination (termed at
this early, undifferentiated stage ‘the genital ridge’) are
met by nothing but a thin layer of mesenchymal cells inter-
posed between the coelomic epithelium and the
mesonephros; in some species (the sheep and monkey),
the mesonephros functions as the embryonic kidney, but in
the mouse it is not functional. Between 10 and 11 days post
coitum, the germ cells continue to pour in, and the somatic
component of the genital ridge also increases dramatically.
Some of this somatic increase arises from proliferation of
the initial mesenchymal cell population, and some from
inward migration of cells derived either from the coelomic
epithelium or from the degenerating mesonephric tubules.
Two genes known to be crucial for the development of the
genital ridge in the mouse are Sf1 and Wt1. If either is
‘knocked out’, the genital ridge starts to develop but then
regresses, and the resulting fetus lacks not only gonads but
also kidneys and adrenal glands. Each gene continues to be
expressed in the absence of the other, so their pathways
must be independent but complementary.
The somatic component of the genital ridge includes the
supporting cell lineage. It is during the period
10–11 days post coitum, when the germ cells are arriving at
the genital ridge, that Sry, the sex-determining gene on
the Y chromosome, is expressed in supporting cells (and
only in supporting cells) to direct them to differentiate as
Sertoli cells. Sertoli cells secrete anti-Müllerian hormone,
which suppresses the development of the female repro-
ductive tract (Müllerian ducts); Leydig cells, which are
thought to differentiate from the steroidogenic cell lineage
under the influence of Sertoli cells, secrete testosterone,
which is responsible for the development of all male sec-
ondary sexual characteristics. It is not known whether the
supporting and steroidogenic cell lineages are of mesenchy-
mal, mesonephric, coelomic epithelial or mixed origin.
By 11.5 days post coitum, it is possible in vitro to separate
the genital ridge from the mesonephros. When a genital
ridge from a male embryo is cultured on its own, the
Sertoli cells join together in palisades, and the germ cells
enter mitotic arrest as they would do in the intact testis,
but no seminiferous cords are formed. In the normal testis,
these cords are made up of Sertoli cells and peritubular
cells, supported by a basement membrane and surround-
ing the germ cells. When the isolated male genital ridge is
cultured in apposition to a mesonephros from either a
male or a female embryo, the cords form and testis devel-
opment proceeds normally. Studies using a transgenic
marker established that cells were migrating into the
genital ridge from the attached mesonephros and con-
tributing to the peritubular myoid cell population that sur-
rounds the cords in a normal testis. Immigrant cells were
never seen in the Sertoli cell population [5].
These findings have been greatly extended in a very
elegant recent study in which a transgenic strain ubiqui-
tously expressing β-galactosidase was used as the
mesonephros donor [6]. On staining with the chromogenic
β-galactosidase substrate X-gal, cells of mesonephric
origin were blue, while the genital ridge cells were white.
The blue immigrant cells contributed neither to the
Sertoli cell nor to the Leydig cell population; but in addi-
tion to the peritubular myoid cells, some of the immigrant
cells were endothelial, and others were closely apposed to
the endothelial cells, perhaps myoepithelial cells sur-
rounding the blood vessels. This might be significant
given that an enhanced vascular supply is one of the first
features differentiating the testis from the ovary.
In the same study [6], when the genital ridge was taken
from a female embryo, no migration of cells from the
mesonephros was seen. This suggests that a chemical
attractant is being produced by the male genital ridge.
Whatever this male-specific attractant consists of, it is able
to operate over a distance of at least 100 µm: in a sandwich
culture, with a female genital ridge interposed between
the mesonephros and the male genital ridge, the
mesonephric cells migrated through the female and into
the male ridge. Beads coated with protein extracted from
male ridges were also able to induce mesonephric cells to
migrate through the otherwise unattractive female ridge.
So how do testis cords form? Of the three cord compo-
nents — Sertoli cells, peritubular cells, and germ cells (see
Figure 1) — peritubular cells are attracted into the gonad
from outside by a sex-specific chemical signal; germ cells
enter the gonad from outside, possibly attracted by a
chemical signal that is not sex-specific; and the origin of
the Sertoli cells is unclear. In subsequent development,
the germ cells are biologically important but developmen-
tally irrelevant. Male embryos that are genetically or
experimentally deprived of germ cells nevertheless form
normal testes, containing normal cords. When gonads are
dissociated and reaggregated in culture, germ cells
become enclosed within cords when reaggregated at 12.5
but not at 15.5 days post coitum, and heterochronic re-
aggregations have shown that it is the age of the Sertoli
cells, not the germ cells, that is critical [7]. 
Sertoli cells are absolutely required for testis cord forma-
tion and play a major role in supporting spermatogenesis,
although recent experiments in which rat spermatogonial
stem cells have been injected into mouse testes have
established that sperm morphology is determined by the
germ cell and not by the surrounding Sertoli cells [8]. But
Sertoli cells alone form only epithelial arrays: they do not
form cords. It is only when peritubular myoid cells are
present, enveloping the Sertoli cell arrays, that basement
membrane material is secreted and the characteristic elon-
gated germ-cell-filled cords develop. So, although we now
have further clues about what guides cells from the
mesonephros into the developing male gonad, it looks as
though we shall have to go back into the depths of the
mesonephros if we wish to elucidate further the origins of
the mammalian testis.
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Figure 1
The developing mouse testis, at around 12–13 days post coitum.
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If you found this dispatch interesting, you might also want
to read the August 1997 issue of
Current Opinion in
Genetics & Development
which included the following reviews, edited
by Kathryn Anderson and Rosa
Beddington, on Pattern formation and
developmental mechanisms:
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Cell signaling in root development
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Neural tube morphogenesis
Ralf Spörle and Klaus Schugart
New insights into segmentation and patterning during
vertebrate somitogenesis
Terry P Yamaguchi
Left–right asymmetry in vertebrates
Isabelle Varlet and Elizabeth J Robertson
Pattern formation in colour on butterfly wings
Vernon French
Limb mutants: what can they tell us about normal
limb development?
Lee Niswander
Notch signalling in development: on equivalence
groups and asymmetric developmental potential
Pat Simpson
Evolution of cell lineage
Paul W Sternberg and Marie-Anne Félix
Notch in vertebrates
Ellen Robey
The full text of Current Opinion in Genetics
& Development is in the BioMedNet library at
http://BioMedNet.com/cbiology/gen
